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Objective:   To observe the immune response after the
transplantation of a deproteinized heterogeneous bone scaf-
fold and provides the theoretic reference for clinical practice.
Methods:   The fresh pig bone and deproteinized bone
were transplanted  respectively to establish BABL/C thigh
muscle pouches model of male mice and take the samples
for detection at 1, 2, 4, 6 weeks after operation. Lymphocyte
stimulation index, subset analysis, serum specific antibody
IgG, cytokine detection and topographic histologic reac-
tion after implantation were investigated.
Results:   After the transplantation of deproteinized bone,
lymphocyte stimulation index, CD4
+ and CD8
+ T-lymphocyte
subsets, serum specific antibody IgG and cytokines in
deproteinized bone group were significantly lower than
those in fresh pig bone group at each time point (P<0.05).
The histological examination found that in fresh bone group
at each time point, a large quantity of inflammatory cells
infiltrated in the surrounding of bone graft, and they were
mainly lymphocytes, including macrophages and
monocytes. In deproteinized bone group, there were few
inflammatory cells infiltration around bone graft one week
after operation. The lymphocytes were decreased as time
went by. At 6 weeks, fibroblasts and fibrous tissue grew
into the graft, and osteoclasts and osteoprogenitor cells
appeared on the verge.
   Conclusions:  The established heterogeneous
deproteinized bone has low immunogenicity and is a poten-
tially ideal scaffold material for bone tissue engineering.
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As the scaffold material of bone transplanta-tion and bone tissue engineering to repair bonedefects, heterogeneous bone represents the
developmental trend of clinical orthopedics. But for its
poor histocompatibility, heterogeneous bone may in-
duce immunological rejection, resulting in the failure of
bone grafting. So how to decrease or eliminate antige-
nicity is the key point. In this study, we prepared fresh
pig bone with a series of physicochemical treatment
and removed the fat, cells and impurities to preserve
the scaffold structure and maintain biomechanical
characteristics.1 Its pore diameter and porosity are suit-
able for cells growth. Since it comes from heteroge-
neous tissue, it is necessary to further comfirm whether
heterogeneous bone can be recognised by the recipient's
immune system, even cause immunne rejection. We
established the posterior thigh muscle pouch model of
rats and observed immune rejection after transplanta-
tion in cellular and molecular levels, thereby provide
the references for the preparation of tissue engineering
bone scaffold, which is applicable in clinic.
METHODS
Animals & grouping
A total of 90 male BABL/C mice (experimental ani-
mal center in Western China Hospital Affiliated to
Sichuan University, China), weighing 20-26 g, were ran-
domly divided into 3 groups: fresh pig bone group (Group
A, n=40), heterogeneous deproteinized bone group
(Group B, n=40 ) and sham group (Group C, n=10).
Establishment of animal model
The mice were peritoneally injected with 20 g/L pen-
tobarbital sodium for anaesthesia. Depilate in the hip
and thigh, sterilize with Iodophors, cut open left thigh
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and separate muscle pouch so as to establish graft
model. Implant fresh bone and deproteinized bone into
the pouch respectively, 75 mg per rat. After operation,
give the intramuscular injection of 100 000 U/d penicil-
lin for continuous 3 days and sacrifice the mice in batch
for sample collection at 1, 2, 4, 6 weeks. In sham group,
cut off the skin and muscle without bone grafting, and
kill the rats at 2 weeks after operation.
Preparation of bone graft, bone supernatant and
spleen lymphocytes
 Preparation of bone graft   The fresh pig bone
and deproteinized bone were cut into 3 mm × 3 mm ×
2 mm ossicles separately, 75 mg per rat.
Preparation of bone supernatant   In sterile
condition, after the removal of soft tissue and marrow,
150 mg fresh pig bone and 150 mg deproteinized bone
were grinded into homogenate, respectively. Add 12 ml
culture solution, mix and stand for 1 hour. Draw the
supernatant and freeze it by liquid nitrogen for
preservation.
Preparation of spleen lymphocytes    Enucleate
the eyeball to collect the blood samples. Dislocate
cervical vertebra to kill the mouse, remove connective
tissue and fat and cut spleen into pieces with scissor.
In water bathing, put smashed spleen tissue on the
200-mesh steel screen over a flat dish. Hold the steel
mesh, squeez the tisse tenderly with piston of syringe
to extrude mononuclear cells into Hank’s solution
through mesh. Draw Hank’s solution to wash the cells
on mesh. Filter cell suspension again with 200-mesh
screen so as to form single cell suspension. Add the
erythrocyte lysate to destroy red cells, wash with Hank’s
solution, centrifuge at 1000 r/min,  for 5 minutes, 3 times.
Resuspend cells by RPMI1640 medium and stain by
Trypan blue. The living cells count was over 95% and
the concetration was regulated to 2 × 107cells / ml.
Lymphocyte stimulation for proliferation experi-
ment
Take the samples at 1, 2, 4, 6 weeks after operation.
Enucleate the eyeball to collect the blood samples.
Dislocate cervical vertebra to kill the mouse. In sterile
condition, take the spleen out and prepare the spleen
cell suspension of mice. Wash by RPMI1640 medium
and centrifuge for 5 minutes, at 2000 r/min for 3 times.
Regulate the cell concentration to 2 × 107 cells/ml, add
the suspension into 96-well culture plate for 1 × 107 µl/
in each hole. Then the spleen cells of each rat were
divided into two groups. (1) In bone supernatant group
(supernate of fresh pig bone and deproteinized bone
homogenate), 100 µl spleen cell suspension and 100
µl bone supernate were added into each well. (2) In
control group, 100 µl spleen cell suspension and 100 µl
culture solution were added into each well. Take the
mean value of 4 holes in each group. After mixing, centri-
fuge in refrigerated centrifuge for 5 minutes at 2000 r/min.
Culture in 5% CO2 incubator with saturated humidity at
370C for 4 hours. Observe lymphocytes growth in each
well every day. At 4 hours after culture, add 2 µl (37KBq)3H-
TdR per well and collect cells, then add 0.5 ml scintilla-
tion fluid, count with Beckman LS6500 scintillation
counter. Calculate the stimulation index (SI) of lymph
ocytes. SI= cpm in bone supernate stimulation group/
cpm in control group. SI>1 indicates that there exsists
proliferation effect of lymphocyte stimulation.
Detection of CD4+ and CD8+ T lymphocyte subsets
Detection of CD4+ and CD8+ T lymphocyte sub-
sets in peripheral blood.      Draw 0.7 ml anticoagu-
lated blood of mice at 1, 2, 4, 6 weeks after operation,
respectively (20 U/ ml heparin). Separate lymph cells by
lymphocyte separating medium. Pour 100 µl 2 × 106
cells/ml cell suspension into 3 tubes, add 30 µl CD4
+
and CD8
+ monoclonal antibodies and first antibody of
control, respectively. Incubate at 370C for 30 minutes;
centrifuge for 10 min, 2000 r/min; PBS washing for 5
minutes, 3 times. Get rid of supernatant and add 10 µl
second antibody marked by FITC flurorescence into the
rest 20 µl fluid. Incubated at 370C for 30 minutes; centri-
fuge for 10 min, 2000 r/min; PBS washing for 5 minutes, 3
times. Add PBS buffer until the total volume increases to
1000 µl. Use flow cytometry to detect the changes of
CD4
+ and CD8
+ T lymphocyte subsets.
Immunofluorescence histochemistry of CD4+ and
CD8+ T lymphocyte in bone graft      The tissue from
bone graft was taken for preparation. After fixation and
decalcification, it was enbedded and cut into sections.
The sections were incubated in 3% H202 at room tem-
perature for 10 minutes to deactivate endogenous
peroxydase, and immersed in PBS for 5 minutes after
washing with distilled water. The normal goat serum
was blocked by working fluid  and incubated at room
temperature for 10 minutes. Pour serum out, add 1:100
primary antibody and incubate at 370C for 30 minutes.
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PBS washing for 5 minutes, 3 times. Add the second
antibody marked by FITC flurorescence, incubate at
370C for 30 minutes, wash with PBS for 5 minutes, 3
times. After bathing in running water, the section was
restained and mounted. Observe and count CD4
+ and
CD8
+ under flurorescence microscope.
Detection of serum specific antibody IgG (ELISA)
Enucleate the eyeball of rats to take whole blood
samples and store at 40C for 10 hours. After blood
clotting, centrifuge for 10 minutes at 2000 r/min, and
separate the supernatant. Fresh pig bone and
deproteinized bone were grinded into homogenate,
soaked in normal saline at 40C for 24 hours. After
centrifugalization, the supernatant was taken and di-
luted with Na2CO3/NaHCO3 coating buffer solution to 2.5
mg /L. Add 1 µl per well into microtitier plate, stand at
370C for 1 hours, 40C for 18 hours, then wash with elu-
ant for 3 times. Dilute the serum antibody with eluant
containing 0.1% BSA at the ratio of 1:25, add diluted
solution into microtitier plate, 1 µl per well. The mixed
sera of mice in sham group served as negative refer-
ence serum. Blank control without any serum was
stored at 370C for 1 hour, eluant washing for 3 times.
Add rabbit anti-mouse IgG HRP at 1:500 dilution rate,
100 µl/well, store at 370C for 1 hour, eluant washing for
3 times. Add newly-prepared TMB substrate at the ra-
tio of 1:4000 for coloration, 100 µl/well, at 370C for 20
minutes. Add 2 mol/L H2SO4 in each well to terminate
the reaction, 50 µl/well. Use 550 enzyme calibration
system at the wavelength of 490 nm to detect OD value
in each well. The OD of serum antibody ≥2 times of
OD in negative control serum was considered positive,
otherwise, negative. The OD value of serum antibody
≥3 times of OD in negative control serum was consid-
ered strongly positive.
Cytokine detection (ELISA)
Take the samples at 1, 2, 4, 6 weeks after operation.
Enucleate the eyeball to collect the blood samples.
Dislocate cervical vertebra to kill the mouse. In steril-
ized condition, take the spleen out and prepare spleen
cell suspension of rats. Centrifuge for 10 minutes, 2000
r/min, and isolate the supernate. Fresh pig bone and
deproteinized bone were grinded into homogenate,
soaked in normal saline at 40C for 24 hours. After
centrifugation, supernatant was taken and diluted with
Na2CO3/NaHCO3 coating buffer solution to 2.5 mg /L.
Add 1 µl per well into microtitier plate, stand at 370C for
1 hours, 40C for 18 hours, then  wash with eluant for 3
times. Dilute the serum antibody with eluant contain-
ing 0.1% BSA at the ratio of 1:25, add diluted solution
into microtitier plate, 1 µl per hole. The mixed serum of
mice in sham group served as negative reference serum.
Blank control without any serum was stored at 370C for
1 hour, eluant wash for 3 times. Add rabbit anti-mouse
IgG HRP at 1:500 dilution rate, 100 µl/well, at 370C for 1
hour, wash with eluant for 3 times. Add newly-prepared
TMB substrate at the ratio of 1:4000 for coloration, 100
µl/well, store at 370C for 20 minutes. Add 2 mol/L H2SO4
in each well to terminate the reaction, 50 µl/well. Use
550 enzyme calibration system at the wavelength of
490 nm to detect OD value in each well. Based on the
the detected OD values, the contents of IL-2 and IL-4 in
samples can be obtained on the standard curve.
Topographic histologic observation on bone graft
At 1, 2, 4, 6 weeks after operation, mice were
sacrificed. Bone graft and the surrounding muscle tis-
sue were taken out, fixed by 4% paraform aldehyde for
24 hours, decalcificated by 10% EDTA. They were par-
affin-embedded and cut into sections. The sections were
observed under light microscope after HE staining.
Statistical analysis
All data were expressed as x ± s and analyzed by
SPSS 10.10 statistical software package. Student’s t
test was performed for group comparison. P<0.05 was
considered as statistical difference.
RESULTS
Experiment of lymphocyte stimulation and
proliferaion
 At 1, 2, 4, 6 weeks after transplantation of fresh
bone and deproteinized bone, spleen lymphocytes of
BALB/c mice were proliferated after stimulation in vitro
(Table 1). The stimulation index in Group A was signifi-
cantly higher than that in deproteinized bone group at
each time point (P<0.01), and reached the peak in 2nd
week. The stimulation index in Group B did not increase
remarkably at each time point, and remained more or
less than 1.
Analysis of T lymphocyte subsets
Changes of CD4+ and CD8+ T lymphocytes in pe-
ripheral blood    CD4+ and CD8+ in sham group were
30.51 ± 3.64 and 9.41± 2.34, respectively. CD4
+ and
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CD8
+ T lymphocytes in Groups A and B were increased
at postoperative 1 week, peaked at 2-4 weeks. However,
the cell concentrations in Group A were higher than those
Changes of CD4+ and CD8+ T lymphocytes
around bone graft   In immunofluorescence staining,
positive T lymphocytes in local tissue appeared bright
green under fluorescence microscope (Figs. 1-5). The
positive CD4
+ and CD8
+ T lymphocytes were rare in sham
group, while the positive expression in Group A and
Group B was consistent with that in periphery blood
(Table 3). The two groups had significant difference
(P<0.01).
Determination of serum specific antibody IgG level
The OD value of serum antibody in negative control
was 0.1213 ± 0.09. Table 4 demonstrated the results of
IgG detection in Groups A and B at each time point. In
Group A, IgG was detected 1 week after operation, got
to peak in postoperative 2nd week and remained rela-
tively high concetration at 4 and 5 weeks. The OD value
at each time point was significantly higher than that in
Group B. The OD value in Group B was no more than 2-
fold of serum OD in negative control, so it was regarded
as negative.
Cytokines detection
The contents of IL-2 and IL-4 were elevated in Groups
A and B at 1 week after operation, got to peak in 2nd
week (Table 5). The contents of IL-2 and IL-4 in group A
were higher than those in Group B at each time point
and the difference was significant (P<0.05).
in Group B at each time point (P<0.05, Table 2). There
was no significant difference between Group B and Group
C (P>0.05).
Table 2. The changes of CD4
+ and CD8
+ T lymphocytes subsets in peripheral blood of each group ( x ± s, n=10)
                                                 CD4+                                                              CD8+
 Groups
   1 week             2 weeks          4 weeks           6 weeks              1 week              2 weeks              4 weeks          6 weeks
A
B
45.73±3.25
29.56±4.27*
51.35±7.64
33.48±6.54*
49.32±6.56
30.97±5.31*
40.37±5.45
28.35±4.13*
10.89±2.34
  7.49±3.36**
12.45±1.64
  9.63±3.12**
15.73±1.59
12.54±3.91**
13.64±1.78
12.25±3.14**
* P <0.01, ** P <0.05, compared with Group A.
            Groups   CD4
+                CD8
+
Table 3. Changes of CD4+ and CD8+ T lymphocytes in local
tissue (cell/high power field, n=10)
A
B
C
36.54±2.78
16.45±2.15*
  1.32±0.23
26.45±2.31
 8.32±1.65*
 0.59±0.12
* P <0.01, compared with Group A.
0.2941±0.1571
0.1051±0.0412*
Table 4. Detection results of serum specific antibody IgG in each group after operation (OD value, x ± s, n=10)
Groups      1 week                          2 weeks                   4 weeks                          6 weeks
A
B
0.2673±0.0321
0.1156±0.0396*
0.3945±0.1054
 0.1536±0.0781*
0.3474±0.1356
0.1325±0.0314
*P<0.01, compared with Group A.
Table 1. Stimulation index of lymphocytes in each group after operation (x ± s, n=10)
A
B
1.8956±0.4728
1.0124±0.3019*
3.3674±0.7541
1.1653±0.2971*
3.0123±0.5134
1.0647±0.3546*
2.4931±0.6186
  0.9875±0.3412*
Groups        1 week                   2 weeks                   4 weeks                       6 weeks
* P <0.01, compared with Group A.
Chinese Journal of Traumatology 2008; 11(3):141-147 . 145 .
Topographic histological observation of bone graft
In Group A, a large quantity of inflammatory cells
(mainly lymphocytes) infiltrated adjacent to bone graft
at each time point, including monocytes and macroph-
ages (Fig.6). In Group B, there were few lymphocyte
infiltration around bone graft 1 week later. With time
went by, lymphocytes were reduced. In the 6th week,
fibroblasts and fibrous tissue grew into the graft, with
osteoblasts on the verge (Fig.7). In sham group, lym-
phatic cells infiltration was rare (Fig.8).
Table 5. Results of IL-2 and IL-4 detection in each group after operation (pg/ml, x ± s, n=10)
Groups                                               IL-2                                            IL-4
     1 week             2 weeks         4 weeks           6 weeks           1 week               2 weeks            4 weeks          6 weeks
A
B
19.973±3.241
 8.023±1.546*
25.654±4.346
12.469±1.984*
20.496±3.975
  8.361±2.056*
15.635±2.981
  5.469±0.981*
38.514±4.936
  5.651±0.769*
42.904±3.985
7.613±0.956*
30.509±2.863
  4.976±0.565*
31.964±2.457
  3.524±0.349*
Fig.3.  At 6 weeks after transplantation of fresh pig bone, CD8+ T
lymphocytes in tissue were stained by immunofluorescence and
a lot of  posit ive cells  were observed around bone graf t
(immunohistochemical fluorescene staining ×400). Fig.4.  At 6
weeks after transplantation of deproteinized bone, CD8
+ T lympho-
cytes in tissue were stained by immunofluorescence and few
p os i t i ve  c e l l s  w er e o b s er ved  a r ou n d  b o n e  g r af t
(immunohistochemical fluorescene staining
 
×400).
Fig.1. At 6 weeks after transplantation of fresh pig bone, CD4+ T
lymphocytes in tissue were stained by immunofluorescence and
a lot of  posit ive cells  were observed around bone graf t
(immunohistochemical fluorescene staining ×400).  Fig.2. At 6
weeks after transplantation of deproteinized bone, CD4
+ T lym-
phocytes in tissue were stained by immunofluorescence and few
p os i t i ve  c e l l s  w er e o b s er ved  a r ou n d  b o n e  g r af t
(immunohistochemical
 
fluorescene staining ×400).
CD4
+                                             CD8
+
Fig.5. CD4+ and CD8+ T lymphocytes were seldom observed in
sham group (immunohistochemical fluorescene staining ×400).
DISCUSSION
The components of heterogeneous bone is very
complicated, including various kinds of antigenic
substance, such as bone cells, cartilage cells, hemato-
poietic cells, vascular endothelial cells and nerve fiber
and bone matrix including bone collagen, noncollagen
protein. These cells and matrix have some antigenicity at
different degrees. Bone collagens are mainly collagen I. It
is believed that its constituents have little difference
between different species, so the antigenicity is slight.
* P <0.01, compared with Group A.
Fig.8. Few lymphocytes were found in sham group (HE×400).
Fig.6. At 6 weeks after transplantation of fresh pig bone, many
lymphocytes were found around bone graft (HE×400). Fig.7. At 6
weeks after transplantation of deproteinized bone, there were
few lymphocytes around bone graft. The fibroblasts and fibrous
tissue grew into the graft, with osteoblasts on the verge (HE×400).
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The marrow and vascular endothelial components have
antigenicity, too. Generally speaking, blood group anti-
gen and tissue-specific antigen are not expressed in
bone. Mineral substances within bone have no
antigenicity. In addition, many bone matrixes have
antigenicity, such as glycoprotein, lipoprotein,
neucleoprotein. Contemporary immunohistochemistry
in combination with new undecalcified slice technique
has firstly proved that the antigenicity of heterogenos
bone graft is mainly in bone cells and endothelium of
Havers' canals. Bone collegen is often observed with
lower or without antigenicity. 2
Heterogenous bone transplantation belongs to free
tissue transplantation and has no hyperacute rejection.
However, because of poor histocompatibility, acute rejec-
tion usually occurs, leading to necrosis of bone graft.3
After heterogenous bone transplantation, antigen uptake,
management and extraction via accessory cells cause
the activation, proliferation and differentiation of T cells
and B cells, finally resulting in humoral immunity and
cell-mediated immunity.
In immunological rejection, antibody and immune
cells can mediate immune reaction, however, cell-me-
diated immune reaction plays the main role in immuno-
logical rejection. It refers to the rejection to grafts medi-
ated by T cells and natural killer cells. Moreover, het-
erogeneous collagens can stimulate host to produce
antibody, but the production of antibody has no obvi-
ous association with graft rejective reaction. Some re-
searches demonstrate that although the implantation
of established heterogenous bone can activate humoral
immunity to generate specific antibody, the newly-
formed antibody do not effect osteogenesis.4 Anyhow,
many scientists have taken notice of antigenicity of bone
matrix. Proteins in heterogeneous bone can bind into
glycoprotein, lipoprotein, neucleoprotein, which are
antigenic. Meanwhile, several kinds of inductive sub-
stance and growth factors have antigenicity, too.5  Our
study showed that specific antibody IgG could be
dectected 1 week after transplantation of fresh pig bone.
IgG level gradually increased, peaked at postoperative
2 weeks and remained relatively high in the 4th and 6th
weeks. The deproteinization removes all kinds of cells
and just reserves part of bone matrix protein. The con-
centration of specific serum antibody was remarkably
decreased after grafting. In vitro experiment of lympho-
cytes stimulation and proliferation revealed that at dif-
ferent time point postoperatively, stimulation index in
deproteinized bone group came near to 1, which indi-
cated that there was no obvious lymphocyte stimulation.
Stimulation index was significantly increased in fresh
pig bone group, higher than that in deproteinized bone
group. It shows that fresh pig bone has remarkable
immunogenicity and it can stimulate lymphocytic sys-
tem in vivo and induce cells’ immune response.
The antigens in heterogenous bone are mainly gly-
coprotein antigens on the surface of bone cells, de-
cided by major histocompatibility complex (MHC). The
encoding MHC can be classified into 2 types: MHC-Ⅰ
(transplantation antigen) and MHC-Ⅱ(antigenⅠ a).
AntigenⅠchiefly activates CD8
+ T cells, while antigen
Ⅱmainly activates CD4
+ T cells. MHC-Ⅰand Ⅱ anti-
gens are expressed in bone cells, osteoblasts, and mar-
row cells, which are the sources of main antigens in
bone grafting immune reaction. The number of CD4
+ and
CD8
+ T cells and ratio changes can reflect the rejection
reaction caused by immune functional disorder or or-
gan transplantation.6 T cells can recognise antigens
directly or indirectly. In homotransplantation,the
receptor’s T cells can directly recognise MHC antigens,
while in heterotranspalntation, T cells can only act on
antigen presenting cells (APC) to recognise the anti-
gens indirectly. Simeonovic et al8 found that within 1
week after operation, heterogenous rejection got to peak
and CD4
+ T cells were activated. They thought that het-
erogenous antigens activate T cells through indirect
channel, resulting in heterogenous rejection. The re-
sults of our research showed that the contents of CD4
+
and CD8
+ T lymphocytes were increased at 1 week af-
ter operation and peaked 2-4 weeks later. The amounts
of T cells in fresh pig bone group was significantly higher
than that in deproteinized bone group and there was no
difference between deproteinized bone group and sham
group, which proved that bone graft had not induced
obvious immune reaction in host’s body. Topographic
histological observation showed that in deproteinized
bone group, there was few lymphocyte infiltration around
bone graft at the early stage. With time went by, lym-
phocytes were reduced and fibroblasts and fibrous tis-
sue grew into the graf t, which showed good
biocompatibility. In fresh pig bone group, a large amount
of lymphocytes infiltrated at early stage and lasted for
a long time, which suggested serious tissue rejection.
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Cytokines are hydrone polypeptide secreted by ac-
tivated immunocytes and some matrix cells, which play
an important role in local immune reaction after
transplantation. For example, it can activate T cells,
migrate neutrophile granulocytes and promote the pro-
liferation and differentiation of T cells. IL-2 and IL-4, the
chief inflammatory cytokines secreted by mononuclear
phagocytic system and activated lymphocytes, can not
only participate in the specific immune injury to bone
graft, but also function in inflammatory injury. Those
cytokines can make mononuclear macrophages, lym-
phocytes and neutrophile granulocytes adhere to blood
vessels, gather and infiltrate adjacent to bone graft, lead
ing to immune rejection.
In this experiment, the concentrations of IL-2 and
IL-4 increased 1 week after operation, and reached the
peak during 2-4 weeks. Moveover, IL-2 and IL-4 levels
in fresh pig bone group were significantly higher than
that in deproteinized bone group at each time point.
The increment of IL-2 and IL-4 can promote the activa-
tion of lymphocytes, thus revoke the immune rejection
of tissues. It further comfirms that deproteinized bone
has low antigenicity, which give the basis for the
reseach of heterogenous bone scaffold to restore bone
defects.
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